Background: Sarcopenia and obesity have been suspected as factors associated with efficacy of treatment and prognosis in various malignancies. This study aimed to investigate the association of pretreatment sarcopenia and visceral obesity with efficacy and prognosis of first-and second-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) for patients with non-small cell lung cancer (NSCLC) and positive EGFR mutation.
Introduction
Non-small cell lung cancer (NSCLC) is categorized into several subsets according to active driver mutations. Among many driver mutations, epidermal growth factor receptor (EGFR) is the most important in terms of its frequency, long history, abundant evidences, and clinically available molecular-targeted drugs of tyrosine kinase inhibitors (TKIs). Reviewing many historic trials that have demonstrated better response, longer survival benefit and milder toxicity, EGFR-TKIs should be prioritized over conventional cytotoxic chemotherapy for patients with positive EGFR mutation. The median progression-free survival time of the first-and second-generation EGFR-TKIs was approximately 1 year. However, some patients unfortunately experienced early tumor progression.
Body mass index (BMI) is easily calculated only by body weight (kg) divided by square height (m 2 ). It differentiates each person as underweight, normal weight, overweight or obese. Being underweight (BMI < 18.5 kg/m 2 ) at the time of diagnosis of advanced NSCLC has been reported to be associated with poor outcomes [1, 2] . However, BMI cannot differentiate fat and muscle mass. There are sometimes considerable differences between body composition and BMI. Thus, BMI is not always a reliable parameter of nutritional status [3] . On the other hand, visceral adiposity has recently been suggested as a better predictor of poor outcomes in colorectal carcinoma than general obesity measured by BMI [4, 5] . Computed tomography (CT) scan has been used to measure visceral fat area (VFA) and subcutaneous fat area (SFA), and the ratio of VFA/SFA (VSR) as indicators of visceral obesity. In various solid malignancies, it has been suggested that visceral obesity is associated with worse outcomes [6] [7] [8] [9] [10] . However, to our knowledge, there is no study evaluating visceral obesity as a prognostic factor in lung cancer.
Sarcopenia is defined by low muscle strength, low muscle quantity or quality, and low physical performance according to the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) [11] . Although sarcopenia is common among elderly, it can occur earlier in life due to various causes. Sarcopenia has been recognized as a poor prognosis indicator in patients with various malignancies [12] . Using CT crosssections, image analysis of skeletal muscle areas has recently become standard. Among various CT-based muscle indexes, psoas muscle index (PMI) and intramuscular adipose tissue content (IMAC) have been widely used to assess skeletal muscle quantity and quality, respectively. An Italian retrospective study of 33 patients failed to detect sarcopenia as a significant prognostic factor of molecular-targeted therapy of EGFR-TKI, gefitinib, for advanced NSCLC [13] .
The aim of this study was to investigate BMI, PMI, IMAC and VSR with prognosis of first-and second-generation EG-FR-TKIs in patients with mutant EGFR.
Patients and Methods

Patients and study design
This was a single-institutional and retrospective study. The inclusion criteria were as follows: 1) Pathological diagnosis of NSCLC; 2) Patients with active EGFR mutation confirmed by the peptide nucleic acid-locked nucleic acid PCR clamp method or EGFR gene mutation analysis COBAS version 2, which had been examined by LSI Medience Cooperation (Tokyo, Japan); 3) Patients who had initiated gefitinib, erlotinib or afatinib between October 2007 and August 2018 at our hospital; 4) CT scan covering L3 level within 3 months and peripheral venous blood test within 2 weeks prior to the start of EG-FR-TKI. We collected the following pretreatment backgrounds and treatment results: sex, age, height, body weight, smoking history, cancer histopathology, EGFR mutation status, Eastern Cooperative Oncology Group (ECOG) performance status (PS), number of metastatic sites, extra-pulmonary metastases, numbers of neutrophils and lymphocytes, EGFR-TKI regimen, treatment response according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [14] , progression-free survival (PFS) and overall survival (OS). PFS and OS were the intervals between the first day of EGFR-TKI and progressive disease (PD) or death, and death due to any causes, respectively. Response rate (RR) and disease control rate (DCR) were the rates of complete response (CR) + partial response (PR), and CR + PR + stable disease (SD) in all patients, respectively. The neutrophil-to-lymphocyte ratio (NLR) was calculated by dividing the number of neutrophils by the number of lymphocytes. The data were cut-off on August 31, 2019. This study observed the Declaration of Helsinki. The Osaka Police Hospital Ethics Committee approved our study, and permitted waiver of the written informed consents because of the retrospective and anonymous study design.
CT image analysis
We used SYNAPSE VINCENT software (Fujifilm Medical, Tokyo, Japan), enhanced or plain cross-sectional CT images taken for the practical purpose of diagnosing, staging or follow-up assessment, and CT attenuation values at the level of transverse process of lumbar vertebra L3. The bilateral psoas muscle area, VFA and SFA were automatically identified and then manually corrected. The multifidus muscles area was manually traced. PMI (cm 2 /m 2 ), IMAC and VSR were calculated by dividing psoas muscle area (cm 2 ) by the square of the patient's height (m 2 ) [15] , the CT attenuation value (Hounsfield Unit, HU) of the bilateral multifidus muscles by that (HU) of four circles with the diameter of 6 mm on subcutaneous fat away from major vessels [16] , and VFA by SFA, respectively. Representative CT images are shown in Figure 1 . Reviewing the previous Japanese studies, as the sex-specific cut-off points for PMI, IMAC and VSR, we pre-defined 6.36 cm 2 /m 2 for men and 3.92 cm 2 / m 2 for women [15] , and -0.358 for men and -0.229 for women [17] , and 1.33 for men and 0.93 for women [18] , respectively.
Data analysis
Continuous data, categorical data and survival time were shown by median with interquartile range (IQR), frequencies and median time (months) with 95% confidence intervals (CIs), and then were compared by the Mann-Whitney U test, Fisher exact test, and Kaplan-Meier method with log-rank test, respectively. Correlations between BMI, PMI, IMAC and VSR were analyzed using Spearman's rank correlation coefficient (r s ). The multivariate Cox proportional hazards analyses adjusted BMI, PMI, IMAC and VSR by the following six factors: age (< 75 vs. ≥ 75 years), NLR (< 5 vs. ≥ 5), ECOG-PS (0 -1 vs. 2 -4), EGFR mutation status (exon 19 deletion vs. others), EGFR-TKI regimen line (first vs. second or later line) and extra-pulmonary metastases (yes vs. no) or three or more than three metastatic sites. Thereafter, the results were described as hazard ratios (HRs) with 95% CI. P-value < 0.05 was considered to indicate a statistically significant difference. Using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [19] , which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria), we performed all statistical analyses.
Results
We collected 167 NSCLC patients with mutant EGFR treated with EGFR-TKI. We divided them into two groups according to the cut-off points of BMI, PMI, IMAC and VSR. Until the cut-off date, we experienced 101 deaths, 33 survivals, 33 lost to follow-up, 133 PD during or after gefitinib, erlotinib or afatinib, and 24 introduction of osimertinib after gefitinib, erlotinib or afatinib. The reasons of discontinuation of EGFRTKIs were PD in 101 patients, adverse effects in 20, deteriorated general conditions in 12, deteriorated other diseases in seven, patient's refusal in five, and transfer to other medical or nursing institutions in four. Eighteen patients still continued EGFR-TKIs. Nine patients changed an EGFR-TKI to another TKI because of adverse effects: from gefitinib to erlotinib in six patients, from erlotinib to gefitinib in two, and from afatinib to gefitinib in one. Except for one squamous cell carcinoma, one adenosquamous cell carcinoma and one non-specific NSCLC, histology was all adenocarcinoma. There were 33 underweight (BMI < 18. there were statistically significant correlations between BMI and PMI (r s = 0.37, P < 0.01), BMI and IMAC (r s = 0.37, P < 0.01), BMI and VSR (r s = 0.22, P < 0.01), PMI and VSR (r s = 0.18, P = 0.02) and IMAC and VSR (r s = 0.30, P < 0.01). Tables 1-4 compare backgrounds, EGFR-TKI regimen, treatment efficacy, and pretreatment NLR between high and low BMI, PMI, IMAC and VSR, respectively. Low BMI group included more patients with ≥ 3 metastatic sites than high BMI group. In contrast, extra-pulmonary metastasis was not significantly different between high and low BMI groups (Table  1) . Neither number of metastatic sites (< 3 vs. ≥ 3) nor extrapulmonary metastases was significantly different between high and low PMI, IMAC and VSR groups (Tables 2-4) .
Comparisons of OS and PFS according to BMI, PMI, IMAC and VSR are presented in Figures 2 and 3 , respectively. The OS (median 26.0 vs. 32.3 months, P = 0.02) (Fig. 2a) and PFS (median 9.1 vs. 14.8 months, P = 0.03) (Fig. 3a) of underweight patients (BMI < 18.5) were shorter than those of patients with BMI ≥ 18.5. In contrast, there was no significant difference in OS and PFS according to PMI, IMAC and (Table 5) . However, when extra-pulmonary metastases was replaced by three or more than three metastatic sites as an explanatory variable, multivariate Low BMI in EGFR-TKI for EGFR-Mutant NSCLC World J Oncol. 2019;10(6):187-198 Low BMI in EGFR-TKI for EGFR-Mutant NSCLC World J Oncol. 2019;10(6):187-198
analyses did not detect BMI as independent prognostic factors of OS (HR 1.48, 95% CI 0.89 -2.46, P = 0.13) and PFS (HR 1.36, 95% CI 0.87 -2.13, P = 0.18) ( Table 6 ).
Discussion
Our study investigated whether pretreatment underweight, sarcopenia and visceral adiposity were prognostic markers of survival benefit of EGFR-TKIs for patients with mutant EGFR. The most important finding was that underweight is associated with shorter PFS and OS of EGFR-TKIs. Underweight (BMI < 18.5 kg/m 2 ) has been shown as a worse prognostic factor not only in operable patients with early stage of lung cancer [20] [21] [22] , but also in patients with advanced lung cancer [2, 23] . In contrast, regarding patients with mutant EGFR, BMI has been controversial as a prognostic factor [24] [25] [26] [27] . Two Japanese studies of 138 patients treated with gefitinib [24] and of 47 patients with acquired T790M-positive mutation who had been treated with osimertinib after prior EGFR-TKI [25] failed to show any significant differences in response and PFS among underweight, normal weight and overweight patients, and between patients with BMI < 21.5 and those with BMI ≥ 21.5, respectively. Oppositely, in a Korean study of 95 patients, patients with BMI ≤ 20.8 had a longer PFS than those with BMI > 20.8 [27] . In another Korean study of 630 patients, multi-variable analysis detected BMI < 18.5 as an independent worse prognostic factor for PFS and OS [26] . In our study, the frequency of three or more metastatic sites was significantly higher in underweight patients groups. In our multivariate analyses, BMI was different as independent prognostic factors of OS and PFS, whether extra-pulmonary metastases or number of metastatic sites (< 3 or ≥ 3) was used as an explanatory variable. Our multivariate analyses detected number of metastatic sites (< 3 or ≥ 3), but not BMI, as a significant prognostic factor. Therefore, our data suggested that BMI may be a surrogate marker of tumor burden. In some patients, decreased body weight might be a result of severer and longer symptoms due to advanced metastatic diseases. Thus, it requires further investigations whether BMI is really a prognostic marker of EGFR-TKIs. The second important finding was that neither sarcopenia nor visceral obesity was a significant prognostic factor for patients treated with EGFR-TKIs. Our study was the second study that had investigated the association of sarcopenia with outcomes of EGFR-TKIs. Both the previous Italian [13] and our studies failed to show sarcopenia as a significant prognostic factor of EGFR-TKI therapy. Thus, irrespective of pretreatment sarcopenia, EGFR-TKI should be considered for patients with mutant EGFR. On the other hand, our study was the first study evaluating visceral obesity as a prognostic marker of EGFR-TKI therapy. Visceral obesity with low BMI has been suggested to be at high risk for development of lung cancer [28] . However, it has remained unknown whether visceral obesity is associated with worse outcomes of chemotherapy in NSCLC patients. As a result, our study failed to demonstrate the association of visceral obesity with poor prognosis of EGFR-TKI therapy.
Our study included some limitations. First, there might be bias and low validity in our results due to our study design, retrospective and single-institutional, and small sample size. Second, first-and second-generation EGFR-TKI is becoming behind the times. Our study did not reflect the times of the third-generation EGFR-TKI, osimertinib. Further investigations may be warranted for patients with EGFR mutant treated with osimertinib.
Conclusion
Pretreatment underweight was a significant prognostic factor of poor PFS and OS of EGFR-TKI therapy. However, neither pretreatment sarcopenia nor visceral obesity was associated with prognosis of EGFR-TKI. Underweight may be a surrogate for advanced disease burden.
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